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1. A non-aqueous electrolyte secondary battery 
comprising a positive electrode, a negative electrode made 
of a carbon-based material having a d value (d 0 02) of not 
greater than 0.37 angstrom on lattice plane (002) as a 
negative electrode material and a non-aqueous electrolytic 
solution, characterized in that — ^said non-aqueous 
electrolytic solution comprises / pyridin«fe or derivative 
thereof incorporated therein in aV^amoup^ 7 of from 0.1 to 1% 
by weight. 

2. The non-aqueous electrolyte secondary battery 
according to Claim 1, wherein said pyridine derivative is 
cc-picolirie, p-picoline or y-picoline. — _ 
[Detailed Description of the Invention] 

[0001] 

[Industrial Field of Application] 

The present invention relates to a non-aqueous 
electrolyte secondary battery. More particularly, the 
present invention. relates .to. an improvement, of non- aqueous 
electrolytic solution for the purpose of improving cycle 
life performance. 
[0002] 

[Prior Art and Problems that the Invention is to Solve] 

In the recent years, carbon-based materials such as coke 

and graphite have been proposed as new negative electrode 



materials for non-aqueous electrolyte secondary battery 
which can substitute for conventional metallic lithium 
because they are excellent in flexibility and cannot cause 
internal shortcircuiting due to the growth of branch-like 
electrodeposited lithium. 
[0003] 

However, when a carbon-based material having a high 
crystallinity, i.e., high graphitization degree is used as 
a negative electrode material, a problem arises that the 
progress of charge and discharge cycle is accompanied by 
the decomposition of the non-aqueous electrolytic solution 
on the carbon negative electrode that causes the production 
of gas, resulting in gradual drop of battery capacity. In 
other words, a carbon-based material having a high degree 
of graphitization is "advantageous in that it can provide a 
high capacity but also is disadvantageous in that it can 
easily react with the non-aqueous electrolytic solution and 
thus gives a poor cycle life performance. 
[0004] 

The present invention has been worked out under these 
circumstances-.- -An object of - the- -present invention _is_tp 
improve the cycle life performance of a non-aqueous 
electrolyte secondary battery comprising a carbon-based 
material having a high degree of graphitization as a 
negative electrode material. 
[0005] 

[Means for Solving the Problems] 



The non-aqueous electrolyte secondary battery 
according to the present invention for accomplishing the 
foregoing object lies in a non-aqueous electrolyte 
secondary battery comprising a positive electrode, a 
negative electrode made of a carbon-based material having a 
d value (d 00 2) of not greater than 0.37 angstrom on lattice 
plane (002) as a negative electrode material and a non- 
aqueous electrolytic solution, characterized in that the 
non-aqueous electrolytic solution comprises pyridine or 
derivative thereof incorporated therein in an amount of 
from 0.1 to 1% by weight. 
[0006] 

As the foregoing pyridine derivative there may be 
used an alkylpyridine having a Ci-C 3 alkyl group 
substituted for' the hydrogen atom in the - ortho--, meta- or 
para-position in pyridine. Examples of such an 

alkylpyridine include a form of picoline (a-picoline) , p 
form (p-picoline) , and y form (y-picoline) . 
[0007] 

In the invention, the non-aqueous electrolytic 
solution- comprises - pyridine or _ a . pyridine, derivative 
(hereinafter referred generically to as "pyridines") 
incorporated therein. These pyridines are adsorbed to the 
carbon-based material to form a lithium ion-permeable film 
(protective film) on the surface of the carbon-based 
material. This protective film inhibits the decomposition 
and deterioration of the non-aqueous electrolytic solution. 



[0008] 

The reason why the d 0 02 value of the carbon-based 
material is restricted to not greater than 3,37 angstrom is 
that when a carbon-based material having a crystallinity as 
high as not greater than 3.37 angstrom as calculated in 
terms of d 0 o2/ the decomposition and deterioration of the 
non-aqueous electrolytic solution can be recognized very 
remarkably. Examples of such a carbon-based material 
having a high crystallinity include graphite (natural 
graphite and artificial graphite) , and modified coke which 
has been obtained by high pressure processing such that the 
crystallinity thereof is raised to have a d 002 value of not 
greater than 3.37 angstrom. 
[0009] 

The reason why the adde~d" amount" of pyridines is 
restricted to from 0.1 to 1% by weight of the total amount 
of the non-aqueous electrolytic solution is that when the 
added amount of pyridines falls below 0.1% by weight, a 
film having a sufficient thickness cannot be formed, making 
it impossible to inhibit sufficiently the decomposition of 
the nbn-a"queous "electrolytic solution -on -the .surface of the 
carbon-based material and hence sufficiently improve the 
cycle life performance of the battery. On the contrary, 
when the added amount of pyridines exceeds 1% by weight, 
the resulting protective film is too thick and thus has a 
poor lithium ion permeability, causing an increase in the 
reaction resistivity of the electrode and hence 



deteriorating the cycle life performance of the battery. 
[0010] 

In accordance with the invention,- the decomposition 
and deterioration of the non-aqueous electrolytic solution, 
which is caused by the use of a carbon-based material 
having a high crystallinity as a negative electrode 
material, is solved by adding pyridines to the non-aqueous 
electrolytic solution in a predetermined amount so that a 
film is formed on the surface of the carbon-based material 
to inhibit the decomposition of the non-aqueous 
electrolytic solution, hence making it possible to improve 
the cycle life performance of the battery. Therefore, as 
the positive electrode material and the solute and solvent 
of the non-aqueous electrolytic solution there may be used 
any materials which have heretofore been proposed and used 
for non-aqueous electrolyte secondary battery without any 
restriction . 
[0011] 

Examples of the positive electrode material (active 
material) employable herein include LiCoC>2/ LiNi0 2/ LiMnC>2, 
and" LiFeC>2~. — Examples - of -the non-aqueous _ electrolytic 
solution employable herein include a solution having a 
solute such as LiPF 6/ LiC10 4 and LiCF 3 S0 3 dissolved in a 
mixture of an organic solvent such as ethylene carbonate, 
vinylene carbonate and propylene carbonate and a low 
boiling solvent such as dimethyl carbonate, diethyl 
carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxyethane and 



ethoxymethoxyethane in an amount of from 0.7 to 1.5 M 
(mol/1) . 
[0012] 
[Action] 

Pyridine or a derivative thereof which has been added 
to the non-aqueous electrolytic solution is adsorbed to the 
surface of a carbon-based material having a high 
crystallinity to form an adsorption film (protective film) 
on the surface of the carbon-based material, inhibiting the 
decomposition and deterioration of the non-aqueous 
electrolytic solution on the surface of the carbon-based 
material . 
[0013] 

In a non-aqueous electrolyte secondary battery 
comprising metallic lithium as a negative electrode; too, 
the progress of charge and discharge cycle is accompanied 
by the reaction of metallic lithium with the non-aqueous 
electrolytic solution that causes a film made of reaction 
product (organic material) to be formed on the surface of 
metallic lithium, resulting in the increase of the reaction 
resisitivrty of "the- electrode and hence _the_ .deterioration 
of the cycle life performance of the battery. However, 
when the negative electrode material comprises metallic 
lithium, even if the non-aqueous electrolytic solution 
comprises pyridine or a derivative thereof incorporated 
therein, it merely causes further formation of an 
adsorption film of pyridines on the film of product of 



reaction of metallic lithium with the non-aqueous 
electrolytic solution, making it impossible to improve the 
cycle life performance of the battery. Accordingly., it can 
be said that the effect of improving the cycle life 
performance exerted by the addition of pyridine or a 
derivative thereof to the non-aqueous electrolytic solution 
is recognized only when the negative electrode material is 
a carbon-based material having a high crystallinity . 
[0014] 

The present invention will be further described in 
the following examples, but the present invention should 
not be construed as being limited thereto. 

[0015] 

(Example 1) 

A non-aqueous electrolyte secondary battery having AA 
size (battery according to the invention) was prepared. 
[0016] 

[Positive electrode] 

LiCoC>2 as a positive active material and an 
artificial graphite as an electrically-conducting material 
were mixed-at a- weight- ratio of -9- : - 1- to . obtain a mixture. 
The mixture thus obtained was then dispersed in a 5 wt-% N- 
methylpyrrolidone (NMP) solution of a polyvinylidene 
fluoride to prepare a slurry. The slurry thus prepared was 
applied to an aluminum foil as a positive electrode current 
collector on the both sides thereof by doctor blade method, 
and then dried at a temperature of 150°C in vacuo for 2 



hours to prepare a positive electrode. 
[0017] 

[Negative electrode] 

A graphite powder (d 00 2 = 3.354 angstrom) was 
dispersed in a 5 wt-% NMP solution of a polyvinylidene 
fluoride as a binder to prepare a slurry. The slurry thus 
prepared was applied to a copper foil as a negative 
electrode current collector on the both sides thereof by 
doctor blade method, and then dried at a temperature of 
150°C in vacuo for 2 hours to prepare a negative electrode. 
[0018] 

[Non-aqueous electrolytic solution] 

LiPFe was dissolved in a mixture of the same volume 
of ethylene carbonate and dimethyl carbonate in a 
proportion of 1 M. Subsequently, pyridine was added -to the 
solution to prepare a non-aqueous electrolytic solution 
containing pyridine in an amount of 0.5% by weight. 
[0019] 

[Preparation of battery] 

The positive and negative electrodes and non-aqueous 
"electrolytic" solution- thus prepared- were .used to_ prepare an 
AAA size battery BA1 of the invention. As a separator 
there was used a microporous membrane made of polypropylene 
(trade name "Cellguard", produced by Hoechst Cellaneeds 
Inc.). The separator was then impregnated with the 
foregoing non-aqueous electrolytic solution. 
[0020] 



Fig, 1 is a sectional view schematically illustrating 
the battery BA1 of the invention thus prepared. The 
battery BAI of the invention shown in Fig. 1 comprises a 
positive electrode 1, a negative electrode 2, a separator 3 
for separating the two electrodes, a positive electrode 
lead 4, a negative electrode lead 5, a positive electrode 
external terminal 6, and a negative electrode can 7. The 
positive electrode 1 and the negative electrode 2 are 
received in the negative electrode can 7 in the form of 
coil obtained by spirally winding with the separator 3 
impregnated with a non-aqueous electrolytic solution 
interposed therebetween. The positive electrode 1 is 
connected to the positive electrode external terminal 6 via 
the positive electrode lead 4. The negative electrode 2 is 
connected to the negative " electrode can 7 via the negative 
electrode lead 5. In this arrangement, chemical energy 
produced in the battery can be externally withdrawn as an 
electric energy. 

[0021] 

(Example 2) 

.._ - A non-aqueous - electrolytic, solution , was prepared in 
the same manner as in Example 1 except that ot-picoline was 
added in an amount of 0.5% by weight instead of pyridine. 
Subsequently, an AAA size battery BA2 of the invention was 
prepared in the same manner as in Example 1 except that the 
foregoing non-aqueous electrolytic solution was used. 
[0022] 



(Comparative Example 1) 

A non-aqueous electrolytic solution was prepared in 
the same manner as in Example 1 except that pyridine was 
not added. Subsequently, an AAA size battery BC1 of the 
invention was prepared in the same manner as in Example 1 
except that the foregoing non-aqueous electrolytic solution 
was used. 
[0023] 

[Cycle life performance] 

The batteries BA1 and BA2 of the invention and the 
comparative battery BC1 (all have a discharge capacity of 
600 mAh in the initial stage of cycle) were each charged to 
a charge termination voltage of 4.2 V at 200 mA, and then 
discharged to a discharge termination voltage of 2.75 V at 
200 mA. Thus, these batteries were examined for cycle life 
performance. The results are shown in Fig. 2. 
[0024] 

Fig. 2 is a graph of the cycle life performance of 
the various batteries with discharge capacity (mAh) plotted 
as ordinate and number of cycles (number of times) plotted 
as abscissa. As shown in the' graph, ,the discharge capacity 
of the batteries BA1 and BA2 of the invention at 1, 000th 
cycle are as great as 581.7 mAh (percent capacity 
deterioration: 3.0%) and 577.8 mAh (percent capacity 
deterioration: 3.7%), respectively, while that of the 
comparative battery BC1 at 1,000th cycle is as small as 
481.2 mAh (percent capacity deterioration: 20%) . This 



shows that the drop of discharge capacity due to the 
decomposition of the non-aqueous electrolytic solution 
during charge and discharge cycle can be remarkably 
inhibited by the addition of pyridines to the non-aqueous 
electrolytic solution . 
[0025] 

Relationship between the added amount of pyridines and the 
cycle life performance> 

Batteries of the invention and comparative batteries 
were prepared in the same manner as in Examples 1 and 2 
except that the added amount of pyridine or cc-picoline was 
changed to 0.05% by weight, 0.1% by weight, 1% by weight, 
2% by weight and 3% by weight, respectively. Subsequently, 
these batteries were each subjected to charge and discharge 
cycle test under the same conditions as mentioned above to 
determine the percent capacity deterioration thereof at 
1,000th cycle. Thus, the relationship between the added 
amount of pyridines and the cycle life performance of the 
battery. The results are set forth in Table 1. For 
convenience of comparison, Table 1 also shows the percent 
capacity deterioration- of the. battery .BA1_. o.f ..the invention 
and the comparative battery BC1 shown in Fig. 1 at 1,000th 
cycle . 
[0026] 



Table 1 



Added amount of pyridine 

/ . -i_ o. \ 
[ WL O / 


% Capacity deterioration at 

1 , nnni-h r*\»,~i & 
— ' ~j 


None 


20 


0.05 


15 


0.1 


3.1 


0.5 


3.0 


1 


3.2 


2 


4 . 5 


3 


10 


[0027] 
Table 2 


Added amount of a-picoline 
(wt-%) 


% Capacity deterioration at 
1,000th cycle 


None 


20 


0.05 


15 


0.1 


3.6 


0.5 


3.7 


1 


3.7 


2 


6.7 


3 


40 ~ ~ 



[0028] 



As can be seen in Tables 1 and 2, when the added 
amount of pyridine or a-picoline is from 0.1 to 1% by 
weight based on the weight of the non-aqueous electrolytic 
solution, the percent capacity deterioration can be 
exceptionally reduced, making it possible to obtain a non- 



aqueous electrolyte secondary battery having an excellent 
cycle life performance. 

The foregoing examples have been described with 
reference to the case where the present invention is 
applied to AAA size battery. However, the battery of the 
invention is not specifically limited in its shape. The 
present invention can be applied to a non-aqueous 
electrolyte secondary battery in other forms such as flat 
and rectangle. 
[0030] 

The foregoing examples have been described also with 
reference to the case where as the pyridine derivative 
there is used a-picoline. However, even when, other 
pyridine derivatives such as p-form and 7- form are used, -a 
non-aqueous electrolyte secondary battery having the same 
excellent cycle life performance can be obtained. 
[0031] 

[Effect of the Invention] 

The decomposition of the non-aqueous electrolytic 
-solution on the surface- of-the .carbon-based material can be 
inhibited by a film of pyridine or a derivative thereof 
formed on the surface of the carbon-based material, making 
it possible to provide the battery of the invention with a 
reduced percent capacity deterioration with the progress of 
charge and discharge cycle and hence an excellent cycle 
life performance. Thus, the present invention has an 



excellent inherent effect. 

[Brief Description of the Drawings] 

Fig. 1 is a sectional view of an AAA size battery of 
the invention. 

Fig. 2 is a graph illustrating the cycle life 
performance of batteries of the invention and a comparative 
battery. 

[Description of the Reference Numerals and Signs] 
BA1 Battery of the invention 

1 Positive electrode 

2 Negative electrode 

3 Separator 
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